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sTJ’MmRY

Results are presented of three-component force tests of a cylindrical
body with an ogival nose equipped with “panel-typedrag brakes each
covering appro-tely 21 pwcent of the bcdy circumference and located
on opposite sides of the body at the rear end. !I!heinvestigationwas
made in the Langley U-inch hypersonic tunnel at a Wch number of 6.86,

a Reynolds nuniber;of 1.5 x 106 based on body lewth~ $=@es of attack
from -5° to 25°, and brake-deflection amgles from 0° to 30°, with the
brakes in the vertical and horizontal planes. The comparison of experi-
mental results with the results of Newtonian impact theory shows that the
trends of the lohgitudhal. characteristicswith angle of attack may be
predicted with reasonable accuracy. The drag brakes in the vertical
position produce higher total dr~ and higher negative pitching moments
at angles of attack than do the identical brakes in the horizontal posi-
tion, even though the top drag brake becomes ineffective at high angles
of attack.

A

A hypersonic aikkft or missile kying at etiremely high altitudes
will encounter aercdjnamic hea%ing of increasing intensity as it descends
into the atmosphere. T%is heating may be aUeviated by decelerating the
Edrcraft. One means of accomplishing this dec+eration is by increasing
the total drag of the scx@iguration through the use of &W brakes.

As psrt of an overall program to investigate an airplane configu-
ration at high super~onic speeds (refs. 1 to 7)~ an investigationwas
made to determine thd~~ffects on lift, drag, and pitching mament of
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panel-type diametrically opposite body flaps located at the re~ end of
an ogive-cylinder fusebge. These body flaps, or drag brakes, were 1.5
body Uameters long and each covered approximately 21 percent of the
body circumference. Tests were made in the Langley U-inch hypersonic

tunnel at a Mach number of 6.86 and at a Reynolds nuder of 1.5 x 106,
based on body length. Results sre presented for the bcdy alone and the
body with drag brakes deflected 10°, 20°, and 30° in both the vertical
and horizontal planes. These results are compsred with estimates given
by the lTewtoniaaimpact and shock-qansion theories.

SYMBOLS AND

lift coefficient, L/qA

drag coefficient, D/qA

liftdrag ratio, CL/CD

COEFFICIENTS

pitching+umnent coefficient, %/~A

midmum drag coefficient, ?mi31@

incremental minimum drag coefficient, C?min - (%lin)~= 00

center of pressure, percent body length from nose

lift force norml to tiee stream

drag force parallel to free stream

pitthing moment, moment reference
from nose

a
minimm drag, drag at CL= Oo

free-stream dynamic pressure

area of base of basic body

lengbh of bmiy

free-stream Mach number

free-stream Reynolds nunher based

,.>,+ b. .*. -

~ . .. . 4..,-.”

Ai~3

’52.67percent bdy length
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8 deflection of drag brake, deg

a angle of attack, deg

MODELS

The drag-brake model configurationused for the present tests con-
sisted of a series of four staimlesssteel models, the body alone, snd
the body with 10°, 20°, and300 drag br~es (fig. 1). The body Croon

to the four models was an ogive nosed circuliw cylinder amd with a fine-
ness ratio of 9.5. The drag brakes consisted of,fuse~e panels

$body diameters long and O.60bcdydismeters wide, rotathg 10°, 20°,
and 30° about their leading edge, and located on the after end of the
body. The details and basic dimensions of the models maybe seen in
figure 2.

‘Sl?RAIN-GAGEBAIANCES

Three external strain-gage balances were
and moments on the models. Two two-commonent

used to measure the forces
balances of different sen-

sitivities were used to measure both normal and chord force, and a nne-
componect balance of low sensitivity was used to measure pitching moment.
Because of this low sensitivity, pitching-moment data were only obtained
up to an angle of attack of l~”. Angles of attack were measured from
scblieren photo~aphs for all tests. Lift and drag coefficients plotted
in the present fi~es were calctited from the measured normal and chord
forces. Base pressures were measured during @l_ tests and the chord-force
component was adjusted to correspond to a base pressure equal to stream
static.pressure. The average adjustment was about 5 percent of the meas-
ured chord force.

TESTS

Tests were made at an average stagnation temperature of 675° F to
avoid air liquefaction (ref. 8), a stagnation pressure of 20 atmospheres
absolute, and a test section Mach number of 6.86. These conditions

correspond to a Reynolds number of 1.5 x 106 based on the body length.

The absolute hmidity was kept to less than 1.87 x 10-5 pounds of water
per pound of dry air for all tests. Normal force and chord force were
measured at angles of attack from -5° to 25° and pitching moments were
measured at angles of attack from 4 to 15°.

_.. ..— . .. . . . . -.—-.-——-— --——— -—. —————.— —.- .—— — _ .—— — . . .
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PRECISION OF DATA

The maximum uncertainties in the force and moment
individual test points - due to the b&nce system and

NACA RM L55K23

coefficients for
variations in

dynamic pressure - have been estimated and are presented as follows:

CL .,. . . . . . . . ● . . . . . . . . . . . . ● . . . . . . . m. 015

CD . . . . . . . . . . . . . . . . . . ● . ● . . ● ● ● ● . . ● M.005

cam*=.*************** ● ***= **=* ***~.oo5

In general, the faired curves should be more accurate than these values.
The angle of attack a was accurate within ~.l”.

RESULTS AND DISCUSSION

Drag Brakes in the Horizontal Plane

The longitudinal.characteristics, CL, CD, L/Dj ~, and Xcp are
tabulated in tables I and II. The variation with sngle of attack of
these coefficients is presented in figure 3 for the body alone and the
bdywith drag bralws in the horizontal position at angles of attack up
to 25° (% and Xq up to o+y 15°) and drag-brake deflection angles
up to 300. ~cluded for cmparison with the experimental data in fig-
ure 3 are the longitudinal chmacteristics as.predicted by the Newtonian
impact theory (ref. 9).

The predicted aerodynamic characteristicsreferred t; as impact
theory were obtained by calculating the characteristicsfor the ogive
nose, the cy~drical afterbdy minus the area covered by the drag brakes, ,
and the drag brakes separately using Newtonian impact theory and then
adding the various resul% together to obtain the coefficient for the
complete mdel.

It may be seen that the liiftcoefficient is predicted with reasonable
accuracy with deviations between experiment and theory being greatest for
the brger drag-brake deflections and at the higher angles of attack
(fig. 3). The shapes of the drag curves are predicted very accurately
except at the higher @es of attack for the 20” and 30V drag deflec-
tions. The predicted drag values are usually lower than the experimental
values probably because the impact theory does not consider skin friction.
An exception is the 30° drag-brake model where values of the drag coef-
ficient are slightly overestimatedby theory at low angles of attack.
This is probably caused by a thickenhg of the boundary layer ahead of

.
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the drag brake, which may be seen by compuing figure l(a) with figure l(g),
and the resulting reduction of brake area exposed to the flow. The over-
estimation of the curves of lift4rag ratio is considerable for all models
and follows from the low predicted values of drag and the more reasonable
predicted values of lWt. The moment coefficientswere predicted accurate&
by the impact theory for the bcdy slone and the 10° brakes (figs. 3(a) and
(b). However, for the 20° and30°1makes in the horizontal pMne
(figs. 3(c) and 3(d)), thepredictedvslues of pitching-moment coefficient
are more negative than the experimental values. This deviation between
theory and experiment follows primarily from the higher predicted values
of lift coefficient caused by an overestimation of the lift contribution
of the horizontal drag brakes and,somewhat by the more rearward position
of the center of pressure predictedby theory, especially for the 30°
brakes in the horizontal plane.

Drag Brakes in the Vertical Plane

The experimental and theoretical longitudinal characteristics of
the drag-brake model with the brakes in the vertical position are pre-
sented in figwe ~. The Newtonian impact theory as applied to the
vertical drag-brake models considered the top drag brake as being geomet-
rically shielded from the flow by the body at angles of attack. This
shielding has been noted previously and is shown ti reference ~ by the
decreasing yawing-mment derivative with angle of attack for the
“Horizontaltails and tap vertical tail configuration.” By referrjng to
figure 5 it may be seen that, in general, the results of impact theory
adequately predict the eqerimental variations of CL, ~, ~, and Xcp

below an angle of attack of 8°. At the higher angles of attack, however,
the theoretical predictions deviate considerably from the expertiental
coefficients● The lift predictions underestimate the measured lift
for the brakes in the vertical position thus differing from the case of
the brakes ti the horizontal position where the lift prediction over-
estimated the expertiental lift for the 20° and 30° brake deflections.

.

.

The generally lower predicted values of drag are, as in the case of
the horizontal brakes, partially due to the absence of skin friction in
the impact theory. The theoretical curves of lift-drag ratio considerably
overestimate the experimental lift-drag ratio for the vertical brakes
primarily because of these low predicted values of drag. At small mgles
of attack portions of the no vertical brakes are h nonshielded fluw
and consideration of the aer@mamic forces on these exposed parts results
in theoretical lift and drag curves which sre nonlinear. Sipce these
trends are not verified by experiment, it may therefore be concluded
th&t the simple geometric shielding used here when considering this
blanketing is”too a~roximate to account adequately for the effect of
body on the top drsg brakes.

— —.-—. . . — ——.-——.- _————— —-.— .— .———— .——.—--.— ..—
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For comparison
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Comparison of Drag Brakes

purposes, the variation of lift, drag, lift-drag
moment with angle of attack for the various drag-

br&ke model configurations is presented in figures 6 to 9. From
figures 6 and 9 it can be seen that the brakes in the vertical position
give higher values of lift coefficient and considerably more negative
values of the pitching-moment coefficient than do the brakes in the hori-
zontal position. On the other hand, the position of the brakes, whether
horizontal or vertical, has little effect on the lift-drag ratio (see
fig. 8). BY comparing figures 7(a) and 7(b) it is clew that the drag
increases with sngle of attack at a greater rate for the vertical drag
brakes than for the horizontal drag brakes even though the top vertical
brake is shieldedby the body. The ~eater rate of drag increase indi-
cated for the vertical brakes occurs for the following reasons:

(1) The flow deflection angles occurring on the lower verticsl
brake are larger than those on the horizontal brakes for a given angle
of attack; and since, at higher Mach nuribersjthe local pressures increase
no-early with flow deflection angle, the local pressures acting on
the lower verticsl brake increase at a greater rate than those acting on -
the horizontal brakes.

(2) The boundary layer on the bottom of the fuselage becopes ttir
with ,increasingsingleof attack thereby providing, on the lower vertical
brake, an increasing effective area which is exposed to the flow.

.

(3) The lower vertical brake is operating in a region of relatively
higher dynsmic pressure since it is in the compression region under the
body.

A reversal of the preceding trend is observed when comparing the
respective drags produced by the horizontal and vqrtical brakes on the
basis of a given lift coefficient (see figs. 6 and 7). b this case a
higher drag is obtained from the horizontal brakes because, in order to
attain a given lift coefficient, the model with the horizontal brakes
must assume a higher angle of attack, and therefore produces a higher
drag than the model with the vertical brakes.

The variation of the center of pressure with angle of attack for
the various models is presented in figure 10. The addition of the drag
brakes to the bcdy tends to reduce the variation of the center of pressure
with singleof attack. The models with vertical brakes, in general, give
the smaller variation. The values of XCP were obtained through the use

of faired normal-force curves. The value; of

obtained by measuring the slope of the curves
coefficient at normal force equal zero.

‘XCPat a= 0° was

of ~ against normal-force

.— —. ——.-—.. . ..— —— .- — ——— ——- — —–-—— ---
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Minimum Drsg

The variation of the ticremental minimum drag coefficient with brake.
deflection singleis given in figure U, and it may be seen ”thata’smooth
and rapid increase h drag may be obtained by increasing the brske- “
deflection angle.

lhcluded in figure U are the ticremental drag coefficientspredicted
by the use of the impact and shock-e~ansion theories. The flow over the
drag brakes was assumed to be two dimensional for calculationby the shock-
expansion method and use was made of the tables and equations presented “
in reference 10. The resullm of impact theory give gocilagreement with
experiment throughout the brake~ef lection r~e, slightly ~eresttit~
the experimental coefficients at small brake deflections and overestimating
at the higher deflections. The shock-egansion theory results, however,
considerably overestimate the experimental coefficients throughout the
brake-deflection rsmge. This overestimationby theory is probably due to
a reduction of the experimental incremental drag caused by the boundary
layer buildup along the %ody. It might be expected that this deviation
between theory and experiment would be favorably altered by an increase b
Reynolds number.

CONCLUSIONS

Analysis of the experimental data, obtained from’tests made in the
Langley I-1-inchhypersonic tunnel on a cylindrical-body of revolution
having an ogival nose and equipped with two fuselage panel-type drsg
brakes at a Mach number of 6.86 and a Reynolilsnuder of 1.5 x 106, leads
to the following conclusions:

1. The trends of the longitudinal aerodynamic characteristicswith
angle of attack and brakedeflection angle may be adequately predicted
by the use of the Newtonian impact theory.

2. Although, at high angles of attack, the top vertical brake becomes
ineffective because of the blanketing effect or interference of the body
on the flow over the top of the model, the drag increases with angle of
attack at a greater rate for the drag brakes in the vertical position than
in the horizontal position. At a given lift coefficient, however, a
Mger total.drag is “obtainedwith the brakes in the horizontal position.

3. The drdg brakes h the verticsl position produce considerably
larger negative pitching moments than do the brakes h the horizontal
position.

..-. —.-. —-—--.——.—. .—. — -——-———— .–. — .— ———.
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4. The total.“dragof a boav of revolution at a Mach

NACA RM L55K23

number of 6.86
increased over a wide-range thr&h the use of fuselage panel.~e drag
brakes.

Langley Aeronautical Laboratory,
National Advisory Conmittee for Aeronatiics,

~ Langley Field, Va., November 17, 1955.
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TmLE II. - Amommac mmcmusmcscmmmnm~ M= 6.%

(a) Brakes in horizontal plane

a, cm a,
aeg ‘Q @

cm %“

b=o”bdymne

-4, ~.052 0.333 10 0.085 0.418
0 .012 .330 15 .1.08 .448
5 .055 .329

I 8=300 I
-4 -0.032 0.394 lo 0.047 0.472
0 .002 .415 15 .041 .W
5 .035 .435

I 8=lP0 I
-4 4.o18 0.474 10 0.o1.o 0.538
0 -.003 .493 15 .008 .522
5 .012 .493

I I
-4 -0.003 0.519 a .028 0.556
0 .Om .5P g -.093 .578
5 -.001 .5P

(b)BrakeBinvertical plane

a, I % I %
II

a,
d.eg I

cm
aeg I ‘w

I B. lo”

-4 a.018 o:&7 10 0.o16 0.510
0 .cOo 15 -.005 .530
5 .015 .49

8=20°

-4 0.041 0.- 10 -o.114 0.628
0 .625 15 -.207 .629
5 -% .647

~=~o

-4 0.M8 O.pg 10 -0.268 0.698
0 -.(X)3 .n5 15 -.355 .673
5 -.140 ●W
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Flgbre 1.- Photograph of drag brake rcdels. L-88(I35
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(a) Ikiiyalone.

(b)
l--w-l -1

Body with 10° drsg brakes.

---

(c) Bodywith 20° drag brakes. ‘“=A -1

!--l.lw=l -i

(d) Body with 30° drag brakes.

13

)-
1-.b7b

+

1- &7b

{
!--.,7%

Figure 2.- Details and basic dimensions of drag brake models. All
dimensions are in inches.
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(a) 5 = OO; body alone.

miation of the longitudinal characteristicsof the drag
brake models with angle of attack for various

with the brakes in horizontal positions. M =
.

.

drag brake deflections ‘

6.86; R = 1.5 X 106.
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(b) 5 = 10°; brakes inthe horizontal plme.

Figure 3.- Continued.
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5 = 20°; brakes in the horizontal plane.

Figure 3.- Continued.

As9’@E3Ewq.:.:.- ..4

— — .———___ —



3T

“

v

.

.

NACA RM L55K23

m

m

4k4

m

0

.

(d)

>.6

3-I

2.8

?.i

2.a

1.6

I 1 I I 1 I I 1 1 1 / 1/ I /1 /,

/i”XA ‘“V-K-L\
I I 1

Au

a

.b

0

-A

5 = 30°j brakes in the horizontal plane.

Figure 3.- Concluded.
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El ;==9s-
. a“ ‘

-4

- ‘A ‘-

a . 0.3 a - 15.3

(a) 5 = OO; body alone.

a’- O.11

(b) 5 = 10°; brakes

‘-
J

a - -0.2

(c) b = 10°; brakes

D
------_Y---

A

-. . ..- -.
-----

a - 0.3

(d) 8 = 20°; brskes

1

‘-’?’4
t A

a - 1.5.lt

in the horizontal plane.

L___—-L._--:.:
a - 15.3

in the vertical.plsne.

K“-.““k

in the horizontal plane.
L-91674

Figure 4.- Typical schlieren photographs of drag brake models in the
horizontal and verticsl positions at a = 0° and 15°. M = 6.86;

R= 105 X106.

.

—— —— —— — _—__—



NACA RM L55K23
~-~

19
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I

a = 0.1

(e) 5 = 20°; brs.kes

t

t <“”/..- /

I
-.7

I I

a = 0.5

1 I

I . .

L.
I
J

a = lhos

in the vertical plane.

[

—.

1
~“’ “-J1..

-’---i

a = 14.8

(f) 5 = 30°j, brs.kesin the horizontal,plane.

c
1

T

—— __ ——-—

~

.-

k *

A

a = 0.5 a = 15.3

(g) ~ = 30°; br~es h the vertical plane. L-91675

Figure 4.- Concluded.
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m

m

*I9

10

0

(a) b = 10°; brakes in the vertfcsl plane.

Figure 5.- Variation of_the longitudinal characteristics of the drag
brake models with @e of attack for various drag brake deflections

with the brakes in vertical positions. M= 6.86; R= 1.5 X106.
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(b) b = 20°j brakes in the vertical plane.

Figure ~.- Continued.

a

————~ -— -—. —— —-. .—



22 &

A
NACA RM L55K23
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(c) b = 30°j brakes in the vertical plane.

Figure 5.- Concluded.
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3.6

u

3.2

2.8

2A

2,0

*

1.6

CL

1.2

.8

Jl

o

-A

-. 8
-a 4 0 k 8 12 16 20 4 28

a, deg.

(a) Brakes in the horizontal plane.B

Figure 6.- Variation of Mft coefficient with singleof attack for various

drsg brake model configurateions. M= 6.86; R = 1.5 X106.
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(a) Brakes in the horizontal plane.

Figure 8.- Variation of lift-drsg ratio with angle of attack for various

drsg brake model configurations. M= 6.86j R = 1.5 X106.
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